Under real rolling conditions, plastic strain is accompanied by inevitable uneven distribution of the metal movement velocities, strains and stresses both in height and width of the actual deformation zone of the rolled metal. With the simultaneous plastic strain of various metals
Introduction
Commercially produced sheets and plates of high-strength aluminum alloys (2XXX, 5XXX, 7XXX, etc.) are subjected to aluminum cladding. Researches show, that thin aluminum cladding enables complete elimination of metal edge and side walls cracking and tearing. Aluminum cladding protects aluminum alloys from corrosion, improved sheet rolling, facilitates roll bite.
Silumin clad aluminum and aluminum alloy articles can be subjected to brazing [1] . Cladding, applied in sheets and plates production, is divided into three thickness-based categories: technological, protection and construction.
Technological cladding thickness, normally, does not exceed 1,5 % of the sheet (plate) thickness, it is applied only for rolling conditions improvement.
Protective aluminum cladding thickness is 2,5-4 % of sheet or plate thickness, it protects metal from corrosion. Construction aluminum cladding thickness is 6,5-10 % of the sheet thickness; this type of cladding is an attachment material [2] .
Out of all cladding materials the most rigid requirements exist for the construction cladding: it shall have specific thickness, as it determines the parts strength [3] . It is known, that with soft cladding layer thickness increase, layerwise deformation non-uniformity increases [4] . Construction cladding distribution along the strip surface is less uniform compared to protective and technological cladding.
It is especially critical for the ingots with the thickness above 500 mm. cladding thickness will be up to 28 mm in this case. The issues, associated with rolling practice development for this composition (mismatch of nominal and actual cladding thickness values, excessive blistering, non-uniform cladding layer distribution, rolling force increase with process efficiency drop due to pass reduction decrease) make this task up-to-date: large size metal clad ingots rolling practice study.
Process modelling
DEFORM software, enabling metal pressure forming processes modelling using FEM, will be applied for this study. Modelled experiments variables are listed in the Table 1 .
The process is symmetrical, therefore for the purposes of the study we'll consider only top portion of the slab and a single roll. It is known, that insignificant widening (max 50 mm) occurs during 1400 mm -2000 mm wide ingots rolling [5] , therefore we'll apply 2D mode for modelling, with stressed-strained diagram -plane strain. Grid size both for cladding and ingot is selected based on FEM discretization, corresponding to at least 5 rows in a clad plate (see Fig. 1 ). Clad plate is fixed to the ingot, i.e. clad plate bottom surface speed is equal to the ingot top surface speed. Roll and metal friction coefficient is selected considering running the initial passes without emulsion, with high friction coefficient μ=0,4 (Coulon law).
Results analysis
During high section strip rolling the neutral line with the metal speed equal to the roll linear speed, has curved shape due to non-uniform deformation (Fig. 2) . On the line right-hand side the metal speed is lower, than the roll speed, while on the left-hand side it is higher.
The situation changes dramatically during clad metal rolling.
Let's review two cases, when clad metal is not welded to the ingot yet. This stage is characterized by soft layer deformation, while hard layer is subjected to minor elastic deformation. Due to stretching the clad plate deformed part speed exceeds the roll speed, while non-deformed cladding plate part speed is lower, that the roll speed. Cladding plate portion outside the strain center and attached ingot move like a solid body with the speed exceeding the roll line speed (as stated earlier) (Fig. 3) . Silumin clad aluminum and aluminum alloy articles can be subjected to brazing [1] .
Cladding, applied in sheets and plates production, is divided into three thickness-based categories:
technological, protection and construction.
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Protective aluminum cladding thickness is 2,5-4% of sheet or plate thickness, it protects metal from corrosion. Construction aluminum cladding thickness is 6,5-10% of the sheet thickness;
this type of cladding is an attachment material [2] .
Out of all cladding materials the most rigid requirements exist for the construction cladding:
it shall have specific thickness, as it determines the parts strength [3] . It is known, that with soft cladding layer thickness increase, layerwise deformation non-uniformity increases [4] . Construction cladding distribution along the strip surface is less uniform compared to protective and technological cladding. It is especially critical for the ingots with the thickness above 500 mm.
cladding thickness will be up to 28 mm in this case. The issues, associated with rolling practice development for this composition (mismatch of nominal and actual cladding thickness values, excessive blistering, non-uniform cladding layer distribution, rolling force increase with process efficiency drop due to pass reduction decrease) make this task up-to-date: large size metal clad ingots rolling practice study.
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DEFORM software, enabling metal pressure forming processes modelling using FEM, will be applied for this study. Modelled experiments variables are listed in the Table 1 . Silumin clad aluminum and aluminum alloy articles can be subjected to brazing [1] .
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Results analysis
Fig. 2. Neutral section position during high section ingot rolling
Let's review two cases, when clad metal is not welded to the ingot yet. This stage is characterized by soft layer deformation, while hard layer is subjected to minor elastic deformation.
Due to stretching the clad plate deformed part speed exceeds the roll speed, while non-deformed with high friction coefficient μ=0,4 (Coulon law). Fig. 1 . Roll, clad sheet, ingot and pusher in the first simulation step
Results analysis
Fig. 2. Neutral section position during high section ingot rolling
Due to stretching the clad plate deformed part speed exceeds the roll speed, while non-deformed In case ingot is rolled with welded cladding plate, under specific conditions, when deformation does not reach the ingot, the ingot cannot adopt the cladding plate speed on the deformation center exit, in this case either the bond is broken, or cladding plate speed is brought down to the ingot speed (due to their rigid attachment), therefore metal volume per second on the deformation center entry exceeds the metal on the exit side, causing ridge formation on the entry side (Fig. 4) . (Fig. 3) . In case ingot is rolled with welded cladding plate, under specific conditions, when deformation does not reach the ingot, the ingot cannot adopt the cladding plate speed on the deformation center exit, in this case either the bond is broken, or cladding plate speed is brought down to the ingot speed (due to their rigid attachment), therefore metal volume per second on the deformation center entry exceeds the metal on the exit side, causing ridge formation on the entry side (Fig. 4) .
In case ingot is rolled with welded cladding plate, under specific conditions, when deformation does not reach the ingot, the ingot cannot adopt the cladding plate speed on the deformation center exit, in this case either the bond is broken, or cladding plate speed is brought down to the ingot speed (due to their rigid attachment), therefore metal volume per second on the deformation center entry exceeds the metal on the exit side, causing ridge formation on the entry side (Fig. 4) .
Such phenomenon causes steady rolling force increase with cladding plate thickness buildup, until max stand drive allowable load is exceeded.
In order to avoid this negative effect, the reduction shall be selected to ensure compression deformation penetration to the ingot. The figures below illustrate the effect of various parameters on deformation penetration into the ingot. In order to avoid this negative effect, the reduction shall be selected to ensure compression deformation penetration to the ingot. The figures below illustrate the effect of various parameters on deformation penetration into the ingot. along the entire ingot section is below 1, therefore, plastic deformation does not occur in the ingot during the first pass. The cladding plate itself is significantly deformed (at constant reduction value the clad plate deformation level is in direct proportion to the cladding plate thickness). Such scenario causes extensive cladding plate elongation, see Fig. 6 .
As follows from the diagram below (Fig. 8) , reduction increase does not produce the desired effect, deformation penetrates into the ingot at 25 mm reductions only.
deformation does not reach the ingot, the ingot cannot adopt the cladding plate speed on the deformation center exit, in this case either the bond is broken, or cladding plate speed is brought down to the ingot speed (due to their rigid attachment), therefore metal volume per second on the deformation center entry exceeds the metal on the exit side, causing ridge formation on the entry side (Fig. 4) . In order to avoid this negative effect, the reduction shall be selected to ensure compression deformation penetration to the ingot. The figures below illustrate the effect of various parameters on deformation penetration into the ingot. The data, presented in Fig. 5 , enable evaluating the cladding plate thickness effect on the deformation penetration depth in the ingot. It is obvious, that during high ingot rolling plastic deformation does not penetrate the entire ingot section, and its middle section is left intact (solid line in the diagram shows the results of modelling ingot rolling without clad material). In the case of 5 -13 mm cladding plate application, plastic deformation penetrates the entire ingot thickness, but further cladding plate thickness increase results in the ingot plastic zone reduction and vanishing.
With cladding plate thickness of 17 mm and over stress intensity -yield strength ratio (σ i / ) along the entire ingot section is below 1, therefore, plastic deformation does not occur in the ingot during the first pass. The cladding plate itself is significantly deformed (at constant reduction value the clad plate deformation level is in direct proportion to the cladding plate thickness). Such scenario causes extensive cladding plate elongation, see Fig. 6 . As follows from the diagram below (Fig. 8) , reduction increase does not produce the desired effect, deformation penetrates into the ingot at 25 mm reductions only. It is known, that work roll diameter increase facilitates deformation penetration into the ingot [7] . As follows from the diagram below (Fig. 8) , reduction increase does not produce the desired effect, deformation penetrates into the ingot at 25 mm reductions only. It is known, that work roll diameter increase facilitates deformation penetration into the ingot [7] . As follows from the diagram below (Fig. 8) , reduction increase does not produce the desired effect, deformation penetrates into the ingot at 25 mm reductions only. It is known, that work roll diameter increase facilitates deformation penetration into the ingot [7] . As follows from the diagram below (Fig. 8) , reduction increase does not produce the desired effect, deformation penetrates into the ingot at 25 mm reductions only. It is known, that work roll diameter increase facilitates deformation penetration into the ingot [7] . variable change as the function of work rolls diameter It is known, that work roll diameter increase facilitates deformation penetration into the ingot [7] . Another variable of interest is the cladding plate yield strength / ingot yield strength 
Conclusion
The study covers the effect of the main rolling parameters on compression deformation penetration through the ingot section.
The min required reduction value of 25 mm is established for metal clad ingot rolling (as scalped thickness is 470 mm, clad plate is 28 mm), with
The min required reduction value of 25 mm is established for metal clad ingot rolling (as scalped thickness is 470 mm, clad plate is 28 mm), with � т м � т т � =0,4 ratio and 900 mm roll diameter.
To ensure deformation penetration into the ingot, it is recommended to use rolling mills with 1200-1400 mm diameter rolls for rolling the ingots with cladding plates thickness over 20 mm.
Another variable of interest is the cladding plate yield strength / ingot yield strength (see Fig. 9 ), in case 2XXX, 5XXX, 7XXX type hard alloys are rolled at 400 0 С this ratio may vary within 0,3÷0,4 range. As follows from the diagram below (Fig. 8) , reduction increase does not produce the desired effect, deformation penetrates into the ingot at 25 mm reductions only. It is known, that work roll diameter increase facilitates deformation penetration into the ingot [7] . 
